Abstract Breast cancer is the most prevalent type of cancer in American women. Exercise appears to diminish many of the side effects resulting from breast cancer and its treatment. Very little research, however, has compared the outcomes of varying lengths of combined aerobic and resistance training exercise interventions on physiological and psychological parameters in breast cancer survivors. The purpose of this study was to compare the physiological and psychological outcomes following 3 and 6 months of exercise in breast cancer survivors. Breast cancer survivors (N = 114) participated in either 3 months of prescriptive, individualized exercise (3M; n = 29), 6 months of prescriptive, individualized exercise (6M; n = 68), or served as sedentary controls (C; n = 17). Cancer survivors completed a medical evaluation and assessment at baseline followed by a predetermined 3-or 6-month exercise intervention. Cancer survivors in the control group performed no exercise between the initial assessment and 6-month reassessment. Cardiovascular endurance, pulmonary function, muscular endurance, fatigue, and symptoms of depression were assessed at baseline and post intervention. Repeated measures ANCOVA revealed improvements (P \ 0.05) in cardiovascular endurance, fatigue, and symptoms of depression in breast cancer survivors undergoing 3-and 6-month individualized exercise interventions. Breast cancer survivors exercising for 6 months showed additional improvements (P \ 0.05) in pulmonary function and muscular endurance. Cancer survivors in the control group did not improve in cardiovascular endurance, pulmonary function, muscular endurance, or fatigue. Three months of individualized, prescriptive exercise leads to improved cardiovascular endurance, fatigue, and symptoms of depression in breast cancer survivors. Additional benefits are seen if exercise is continued for a total of 6 months.
Introduction
Breast cancer is the most commonly diagnosed cancer in American women, with one in eight women expected to develop breast cancer during her lifetime [1] . Fortunately, earlier detection and more aggressive therapies have improved the survival rate by nearly 15% over the past two decades, to an estimated overall survival rate of 89% across all breast cancer stages [1] . Despite the prevalence of breast cancer, the majority of women are surviving and facing the task of combating the physiological and psychological problems resulting from cancer and its treatment.
Treatment for breast cancer often includes surgery followed by adjuvant treatment with chemotherapy and/or radiation [2] . Surgical treatment and radiation can result in significant upper body limitations [3] [4] [5] including impaired range of motion [6, 7] , reduction in muscle activity [8] , and the development of lymphedema [9] which can lead to a reduction in quality of life and psychological distress [10] . Chemotherapy is commonly used as an adjuvant treatment to reduce the likelihood of metastasis [2] . Antineoplastic drugs are a highly effective treatment against cancer cells, increasing the time between initial diagnosis and recurrence and improving relative survival rates [11] . However, nonneoplastic cells are also affected. The serious side effects of chemotherapy may be apparent immediately following treatments or not until years after treatment has ended [12] . The manifestations of chemotherapy-induced tissue damage can include cardiovascular toxicity [13] [14] [15] [16] , pulmonary toxicity [17, 18] , and hematological toxicity [19] [20] [21] [22] , all of which may result in impaired functional capacity.
Breast cancer and the treatment combinations that are employed often lead to cancer-related fatigue, the most common and persistent side effect of cancer treatment, often lasting months to years after treatment completion [23] [24] [25] [26] . Cancer-related fatigue in breast cancer survivors can be associated with depression, sleep disturbances, and pain [27] . Similarly, depression increases in the first year after breast cancer diagnosis [28] , and increased depression following breast cancer diagnosis is positively correlated with mortality [29] .
Exercise has previously been found to be a valuable rehabilitation tool for cancer survivors during and following treatment [30] [31] [32] [33] [34] [35] [36] [37] . Exercise interventions implemented concurrent with breast cancer treatment can improve cardiovascular fitness [38, 39] , muscular strength [40] , and body composition [40, 41] while attenuating a reduction in bone mineral density [42] and reducing fatigue [38, 43, 44] . Exercise following the completion of breast cancer treatment can result in improved cardiovascular fitness [45, 46] , pulmonary function [38] , muscular strength and endurance [45] [46] [47] , body composition [46] , quality of life [46, 48] , and reduced fatigue [38] . Exercise has also been found to increase survival rates in breast cancer survivors [49] . Exercise interventions combining aerobic and resistance training, lasting from 2 to 6 months, are beneficial for breast cancer survivors. Cardiorespiratory fitness [39, 46, 50] , muscular strength and endurance [46, 47, 50] , and quality of life [48, 50] improved in breast cancer survivors undergoing 2 months of exercise. Quality of life also improved in breast cancer survivors who undergo 3 months of exercise upon completion of treatment [45] . Breast cancer survivors who participated in supervised resistance or aerobic training lasting a median of 17 weeks showed improvements in aerobic fitness, muscular strength, and body composition despite undergoing chemotherapy concurrently [41] . A 21-week exercise intervention in breast cancer survivors receiving cancer treatment resulted in significant improvements in muscular strength and body composition [40] , and 6-month exercise interventions produce improved cardiovascular function [38] , pulmonary function [38] , attenuated reduction in bone mineral density [42] , and reduced fatigue [38] in breast cancer survivors.
Despite the range of exercise intervention durations previously investigated, little research has compared the outcomes of varying lengths of comparable exercise interventions on physiological and psychological parameters in breast cancer survivors. The purpose of this study was to investigate the physiological and psychological alterations that occur as a result of 3 versus 6 months of similar individualized exercise interventions in breast cancer survivors.
Methods

Setting and participants
The investigation was conducted at the Rocky Mountain Cancer Rehabilitation Institute (RMCRI) at the University of Northern Colorado (UNC). The Institutional Review Board granted approval for all study procedures, cancer survivors were provided detailed written and verbal information concerning the assessment and training protocols including the confidential and voluntary nature of the study, and all cancer survivors provided written informed consent prior to participation. A convenience sample was used to assign cancer survivors to the exercise and control groups.
Assessment
Cancer survivors underwent comprehensive screening, including medical examination, prior to inclusion into the study. Cardiovascular endurance, pulmonary function, muscular endurance, fatigue, and symptoms of depression were assessed initially and following the predetermined 3 or 6-month exercise intervention in cancer survivors in the exercise groups (3M and 6M) and initially and following 6 months of usual care in the control (C) group. The Bruce Protocol, a multi-stage, variable speed and elevation treadmill protocol, was used to evaluate cardiovascular endurance [51] . Cancer survivors continued to a predetermined heart rate or until reaching volitional fatigue.
Pulmonary function was assessed using a Flowmate TM spirometer. Forced vital capacity (FVC) and forced expiratory volume in one-second (FEV 1 ) were measured, and the absolute results of each parameter were compared to the predicted normal value (FVC %pred and FEV 1 %pred), based on age, gender, height, and weight for each cancer survivor. Muscular endurance was assessed using the leg press, bench press, lat pull-down and shoulder press machines, as well as crunches. The muscular test battery was developed specifically for cancer survivors, with the weight lifted dependent on the body weight and age of each cancer survivor. Repetitions were performed at a rate of 12.5 repetitions per minute until reaching volitional fatigue [52] . Core muscular endurance was assessed using the curlup crunch test [51, 52] . The Piper Fatigue Inventory was used to assess total cancer-related fatigue, as well as subscales of fatigue, including behavioral, affective, sensory, and cognitive/ mood fatigue [53] . The impact of cancer-related fatigue on school or work, social interaction, and interference with enjoyable activities was assessed with the behavioral fatigue subscale. The affective fatigue subscale assessed the emotional meaning attributed to fatigue. Mental, physical, and emotional symptoms of fatigue were included in the sensory fatigue subscale, and the cognitive/mood subscale assessed the impact of fatigue on memory and concentration [53] . The Beck Depression Inventory was used to assess symptoms of depression among cancer survivors. The 21 question Beck Depression Inventory corresponds to 21 symptoms or attitudes commonly observed in depressed patients, including mood, pessimism, sense of failure, lack of satisfaction, guilt feelings, sense of punishment, selfdislike, self-accusation, suicidal wishes, crying, irritability, social withdrawal, indecisiveness, distortion of body image, work inhibition, sleep disturbance, fatigue, loss of appetite, weight loss, somatic preoccupation, and loss of libido, each of which are scored on a 0-4 scale. The total Beck Depression Inventory score is the sum of the scores from the 21 questions. [54] . Higher scores on the Piper Fatigue Inventory and Beck Depression Inventory represent greater levels of fatigue and symptoms of depression, respectively [53, 54] .
Following the 3-or 6-month exercise intervention and six months after the initial assessment was given to the C group, a reassessment was performed. The same physiological and psychological parameters were assessed using protocols identical to those used initially.
Intervention
Individualized exercise prescriptions were developed by certified Cancer Exercise Specialists based on the results of the initial assessment and designed to meet the specific needs of each cancer survivor. Cancer survivors in the 3M and 6M groups attended supervised exercise sessions 2 or 3 days per week for the duration of the study. Cancer survivors in the C group did not attend exercise sessions. Exercise sessions were 60 min in duration and ''whole body'' in focus [52] . Although sessions were individualized to meet the needs and achieve the goals of each cancer survivor, sessions generally included a warm-up lasting 10 min, aerobic exercise and resistance training for 40 min, and stretching and cooling down for 10 min. The exercise intensity prescribed was based on the results of the initial treadmill assessment, and ranged from 30 to 55% of heart rate reserve (HRR). The Karvonen, or percent HRR method, was used to determine exercise heart rate [51, 52] . The aerobic exercise mode for each individual was selected based on the patient's preference, in consultation with the trainer, to determine the mode offering the most benefit. Treadmill and outdoor walking, stationary cycling, recumbent stepping, and use of an AquaCiser Ò underwater treadmill were all options. Resistance training and flexibility exercises emphasized all of the major muscle groups as did the low intensity cool-down.
Statistical analysis
Data are presented as means ± SEM. The main effect of supervised exercise compared baseline to post exercise intervention using repeated measures analysis of variance (RM-ANOVA). Following main effects significance, Tukey HSD post hoc tests were used to determine where significance occurred. The primary analyses compared change from baseline to post exercise intervention and between treatment groups using univariate analysis of covariance (ANCOVA) procedures in which the post value was the dependent variable, the baseline value of the same variable was the covariate, and the treatment group was the grouping variable. Statistical analyses were performed using the Statistical Package for Social Sciences (SPSS Inc, Chicago, IL). Statistical significance was set at a probability of a B 0.05.
Results
The flow of cancer survivors through the study is represented in Fig. 1 . All cancer survivors began the study with an initial assessment. Three months after the initial assessment and individualized exercise intervention, 3M cancer survivors underwent a post assessment. Six months after the initial assessment and individualized exercise intervention, 6M cancer survivors underwent a post assessment. Six months after the initial assessment, C cancer survivors underwent a post assessment. Table 1 presents cancer survivor characteristics at baseline. The groups were not significantly different in age, body weight, height, or percentage of cancer survivors in each group undergoing chemotherapy or radiation. The only significant difference at baseline was seen between the 3M and 6M in time since treatment, with 3M cancer survivors having been out of treatment for a shorter period of time [3M = 12.5 ± 1.2 mo., 6M = 29.0 ± 1.3 mo., P \ 0.05].
Physiological changes in outcomes over the 3 and 6-month interventions are presented in Table 2 . Cardiovascular endurance as measured by time on treadmill significantly improved in both exercise groups [3M = 1.74 min improvement, 6M = 1.63 min improvement, P \ 0.05], whereas no significant improvement was found in C. Pulmonary function was significantly greater following 6 months of individualized exercise. Forced vital capacity and FEV1, both presented as percentage of the predicted value, improved in 6 M [FVC = 4.6% improvement, FEV1 = 5.6% improvement, P \ 0.05].
Muscular endurance was assessed with the leg press, bench press, lat pull-down and shoulder press machines, as well as the crunch test. Both C and 6M significantly improved in number of repetitions to volitional fatigue on the leg press [C = 12 repetition improvement, 6M = 11 repetition improvement, P \ 0.05]. Number of repetitions to volitional fatigue was significantly greater in 6M only when performing the bench press [6M = 7 repetition improvement, P \ 0.05). All three groups showed significant improvements in repetitions to fatigue when performing the lat pulldown exercise [C = 7 repetition improvement, 3M = 5 repetition improvement, 6M = 8 repetition improvement, P \ 0.05]. No significant improvements were seen in the shoulder press exercise. Cancer survivors in 3M and 6M significantly improved in repetitions to failure when performing crunches [3M = 9 repetition improvement, 6M = 7 repetition improvement, P \ 0.05]. Depression symptom scores were significantly less following the intervention for C, 3M and 6M [C = 3.00 point reduction, 3M = 2.78 point reduction, 6M = 3.63 point reduction, P \ 0.05].
Discussion
As anticipated, an individualized aerobic and resistance training ''whole body'' exercise intervention of 3 or 6 months in duration resulted in improvements in physiological and psychological parameters. Three months of individualized, prescriptive exercise led to improved cardiovascular endurance, fatigue, and symptoms of depression in breast cancer survivors. Additional improvements in pulmonary function and muscular endurance were found in cancer survivors who exercised for 6 months in duration. Previous researchers [45, 46] have found an exercise intervention including aerobic and resistance training lasting as little as 8 weeks in duration can result in significant improvements in cardiovascular fitness. Therefore, improvements in cardiovascular endurance as evidenced by increased time on treadmill during the graded exercise test were expected and achieved in both 3M and 6M. Conversely, cancer survivors not engaged in individualized, prescriptive exercise did not significantly improve in cardiovascular endurance during the 6 month study. These results attest to the measurable benefits of a low to moderate intensity exercise intervention for cancer survivors.
Pulmonary function, as measured by FVC and FEV1, improved only in those cancer survivors who exercised for 6 months. Control group cancer survivors and 3M did not show significant improvements in either FVC or FEV1. These results are in accordance with previous findings in which a 6-month exercise intervention similar in nature to that prescribed in this study resulted in improvements in FVC and FEV1 in cancer survivors who had completed treatment before beginning exercise [38] .
Improvements in muscular endurance were generally greater in 6M, although 3M did improve in repetitions to fatigue when performing lat pulldowns and crunches. Cancer survivors who exercised for 6 months improved in repetitions to volitional fatigue when performing the lat pulldowns and crunches as well as the leg press and bench press. Surprisingly, cancer survivors not undergoing individualized, prescriptive exercise interventions also significantly improved in repetitions to volitional fatigue in the leg press and lat pulldown exercises. The increase in ability to perform additional lat pulldown repetitions may have been due in part to the increased time since breast cancer treatment with greater recovery and less apprehension about overhead movements allowed by the additional time since breast cancer treatment.
Cancer-related fatigue and depression are serious consequences of the disease and its treatment processes. Cancer-related fatigue is the most commonly reported symptom of cancer survivors [55, 56] . Exercise interventions have been found to attenuate this debilitating side effect [31, 33, 57] . In agreement with previous research, we found both three-and six-month exercise interventions resulted in a reduction in total fatigue, as well as reductions in the behavioral, affective, and sensory fatigue subscales. In contrast, cancer survivors who did not participate in individualized, prescriptive exercise did not have a significant reduction in fatigue levels. Symptoms of depression were reduced in 3M and 6M as well as in C. We anticipated a reduction in depression symptom scores following the exercise interventions but did not expect a similar result in the sedentary, control group. However, it is likely that an additional 6 months between the baseline and post assessment in the sedentary control group may have given cancer survivors additional time to process the cancer diagnosis, treatment, and treatment effects and regain a normal way of life. Additional time since treatment without recurrence may have given cancer survivors in all three treatment groups greater optimism towards survival. Participants were not randomized to the 3M, 6M and C groups; therefore, those who agreed to participate may have been more motivated and able to begin an exercise intervention. In addition, the study was not placebo-controlled or fully blinded. Participant expectancy and experimenter bias may have played a role in improvements. Despite these limitations the positive outcomes from this study provide evidence supporting individualized exercise for breast cancer survivors.
Three months of individualized, prescriptive exercise led to improved cardiovascular endurance, fatigue, and symptoms of depression in breast cancer survivors. Additional benefits, including increased muscular endurance of additional musculature and improved pulmonary function, are seen if exercise is continued for greater lengths of time. Exercise is a safe and effective way to provide rehabilitation for breast cancer survivors. The physiological and psychological benefits are seen as early as 3 months after beginning an intervention.
